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ABSTRACT

The spread of eco-design activity through industry has not necessarily resulted from a systematic assessment of the potential benefits. This paper describes the first findings of an ongoing project to assess the potential for eco-design across a range of UK industry sectors. Data from the pilot UK environmental accounts was analysed and presented according to manufacturing activities. Each sector has an identifiable profile which we tentatively related to eco-design. We propose a set of indicators that represent the potential environmental benefit from uptake of eco-design principles, the selection of eco-design strategies, and factors affecting uptake of eco-design. The next stage of work focus on design activity, level of innovation, organisational and design culture as well as external pressures from legislation or the market. Ultimately, we hope the indicators will inform industry and research as to potential areas for transfer of eco-design practice from one sector to another.
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Introduction
The spread of eco-design activity through industry has not necessarily resulted from a systematic assessment of the potential benefits. For example, eco-design principles have been adopted (and developed) by organisations or individuals who feel an increased environmental or social responsibility, or designers who find an aesthetic resonance with ecology. Alternatively, eco-design principles are adopted as a means of reducing production costs or meeting new legislation. Industries such as electronics, IT and domestic appliance industries already integrate environmental issues in their design culture and manufacturing operations whilst other industries such as construction are still aligning themselves with issues of sustainability. Certain sectors have much potential to benefit from the application of eco-design principles. 

It is suggested here that a systematic characterisation of UK industry sectors according to the potential benefits associated with application of eco-design principles, could be instrumental in directing future eco-design research, development and application in industry. Results are presented for the characterisation of four industry sectors, conclusions about the methodology and suggestions for further work are made.
Design
Decisions made in the design of products and their manufacturing processes (including product development activities carried out by non-designers such as marketing and business managers) are a major determining factor in the overall environmental impact of an industry. The choice of materials, component suppliers, the energy intensity and waste generation of processes and the distribution logistics all have an environmental effect. Only minor environmental improvements can be made without redesign. 

Eco-design has been succinctly defined as, “design that addresses all the environmental impacts of a product throughout its complete life cycle, without unduly compromising other criteria like function, quality, cost and appearance.” (McAloone, 2000). This requires co-operation from all supply chain actors and in practice can mean:

	identifying and meeting human needs, 
	reducing product materials and energy intensity, 
	utilising renewable sources of energy and materials,
	minimising dispersion of materials and energy into the wider environment.

Our present interest lies in the factors that affect the direction and rate of progress of an industry sector towards sustainability. For example, we have observed eco-design in the electronics and tele-coms sector for some years: these industries are characterised by large corporations who have design control and tend to control environmental progress on a corporate level by setting strategic priorities (Simon et al., 2000). This leads to a gradual "greening" of products rather than a radical redesign (Poole et al., 1998). New technical data, knowledge and design methods have been developed to integrate environmental issues into design (Simon et al., 1998). So by a systematic examination of industry factors, we can identify untapped potential for redesign and transfer successful approaches from one sector to another. 
Approach
The proposed method adopts a broad approach falling into two complementary work streams. The first is a quantitative approach that exploits publicly available data for industry activity, the second is a qualitative approach that aims to characterise each industry sector according to its organisation, information and design culture, building on previous work (Simon, 1999). These approaches will be brought together in the life-cycle associated with each industry and its products (and/or services). This paper reports on the quantitative assessment of UK industry using publicly available data. A set of indicators is suggested and further work proposed.
Data 
A review of literature revealed that whilst there was a considerable volume of data available for many environmental and industrial activities, the majority of it was in a highly aggregated form. The UK Environmental Accounts (UKENA) (Vaze and Balchin, 1996) aims to provide a systematic and comprehensive account of the pressures placed by the economy on the environment. UKENA was selected as the least aggregated and most comprehensive of available databases. These accounts combine conventional industry activity indicators such as sector production, value added and consumer spending figures with environmental data for emissions to air and environmental expenditure. The accounts hold data for 91 categories of industry sector which have been derived from the 123 Standard Industrial Classification (SIC) codes (Business Monitor MA23) increasing compatibility with other industrial activity databases. We have used the ‘use’ matrix to map links between industry sectors involved at different stages in product life cycles. This input-output type matrix enumerates the expenditure by each sector on the products of all others and thus represents the flow of money through the complex supply chains of manufacturing. Details of how the accounts were put together along with limitations and assumptions are recorded in Vaze and Balchin (1996). It is important to note that these accounts are for UK industry and do not directly include imports, although they do include export information. We have attempted to create profiles of different industry sectors using the UKENA supplemented by other data sources including the results of previous research. This helps us to identify common trends and interpret them in terms of design and the potential for eco-design. 
Test sectors
The 91 sectors in the UKENA represent the breadth and depth of UK industry from quarrying and metal fabrication to real estate activities. Recent interviews and past research have lead us to choose 4 industry sectors from this list to assist us in developing the set of indicators. Table 1 indicates the types of products that each sector manufactures and the amount of money that they spend annually in purchasing the products of other UK sectors, recorded as ‘Total Intermediate’ in UKENA but termed 'Sector Purchases' or SP in this paper. 

Classifying the expenditure of industry sectors
The 91 industry sectors from UKENA were placed into five groups: extraction, manufactured products from within subject sector, manufactured products from outside subject sector, utilities, and lastly  support and transport. This classification enables us to view more easily the economy  in terms of supply chains and life cycle stages. Figures 1-5 show the proportion of SP of each test sector spent on sectors in the five groups. It is important to note that whilst UKENA provides extensive data on production and certain environmental emissions associated with extraction and manufacture it does not provide explicit information about product usage or end of life. Product use is of little import for ‘passive’ products such as tables – which have no direct environmental impacts in their use, yet it is a significant aspect of ‘active’ products such as buildings – which consume large amounts of energy in their lifetime. The information about end-of-life is limited to data on solid waste and wastewater services and the metal and non-metal scrap recycling sector, although there is some data concerning the use of recycled materials in the UKENA. Still, this is not a full life cycle assessment (LCA) but an analysis of products from 'cradle to factory gate'. A method of life cycle assessment using input-output techniques is described by Joshi (2000).

Indicators of environmental impact
At present, we have two indicators of environmental impact, greenhouse gas emission (GHG) and environmental protection expenditure. In the UKENA greenhouse gas  data is based upon emissions of CO2, methane, CFC's and N2O weighted according to their activity as a greenhouse gas. The combustion of fuel for heating, power generation and transportation accounts for the majority of these emissions. Other sources of GHG include landfill and agriculture, and industrial processes such as ammonia production (DETR, 1998). Purchasing sectors are allocated a proportion of the direct GHG of the supply sector according to their contribution to the supply sector's total demand. This relatively crude method of allocation does not take into account prices or variation of product types within each sector and is consistent with our intent to create broad ‘profiles’ of industry sectors. Estimates of environmental protection expenditure recorded in UKENA are the results of a industry survey carried out in 1994/5 (DoE, 1996). A second study carried out during 1997 has been published, but the 1994 data has been presented since the other UKENA data refers to the year 1993 or earlier. Environmental protection expenditure includes money spent on reducing emissions to air, water, soil, clean-up operations and waste disposal.
Measures of design 
The most significant research of design in different UK industry sectors has been published by Walsh et al. (1992) and Sentance and Clarke (1997). They found common trends between increased levels of design activity, R&D, exports and profitability. Sentance and Clarke found that design is more widely spread than R&D. Walsh et al. describe how the type or quality of design changes according to the technological opportunities that are available to an industry sector. The greater the technological opportunity (typically associated with high tech. industries) the greater the level of engineering design in the sector. The more qualitative aspects of design such as branding and aesthetics tend to be more prominent in sectors with lower technical opportunity. The impact of the move towards sustainability is likely to have a significant effect on technological opportunity in different sectors.  
Discussion 
Presenting the environmental account data according to manufacturing activities (figure 1-5) demonstrates clear differences between industry sectors. Each sector has an identifiable profile. The extent of data aggregation makes it is unwise to draw too much from these profiles although it is possible to make tentative statements that relate the data to eco-design and contribute to a set of indicators. The following paragraphs describe how the measures might relate to:

	Potential environmental benefit from uptake of eco-design principles,
	The selection of eco-design strategies,
	Factors affecting uptake- barriers or promoting factors for uptake of eco-design.

Potential environmental benefit from uptake of eco-design principles,
Burning fuel accounts for most direct GHG emissions within the selected sectors (Figure 3). The careful application of eco-design could avoid or reduce fuel intensive processes such as those evident in the Construction and Food Products sectors by devising new methods and products. For example, a engineering designer could specify the use of prefabricated components, shifting emissions further up the supply chain to a factory where they could be more carefully managed and therefore reduced. Eco-design principles could also be incorporated in the construction planning process to minimise on-site transport and therefore fuel consumption. Alternatively, manufacturing and construction companies could work with the providers of their vehicles to increase vehicle efficiency - or even move towards using fuel cells or bio-diesel (Datschefski, 1999).
It is interesting to note that expenditure on utilities (water, electricity, solid waste etc.) is a small proportion of each sector's annual expenditure, yet the emissions associated with these utilities (particularly power) is significant (figure 4). For example, 37% of the GHG emission from the wood products sector is due to its utility bill (over 90 % of which is electricity generated from coal). Although timber can be grown sustainably there are difficulties related to its use. Different timbers require different conditions of temperature and moisture in storage and preparation. Control of these environmental factors account for a significant amount of the sector energy use. The waste from worked timber can be a further problem. An eco-design solution is to burn the wood waste (e.g. sawdust) to provide heat for the manufacturing process (e.g. drying ovens). In addition, companies could meet more of their energy demands from renewable sources.

Problems with process emissions are indicated by environmental protection expenditure (table 5) can be addressed through eco-design strategies of clean process design, or even designing out the problem. This can be done by replacing organic solvents with water based ones or eliminating adhesives by using 'dry' joining techniques in the wood products and furniture sector (e.g. knock-down joints) (Echodesigns, 2000).

Selection of eco-design strategies
The eco-design strategy of material substitution could be applied to sectors that have a high proportion of emissions occurring at the material extraction stage (figure 1) (e.g. food products). Such industries could select suppliers whose products are manufactured more sustainably. Taking the example of the food products sector the product developer should favour crops grown with minimum requirement for fuel intensive processes.

The labour intensity of a sector is likely to be a useful measure (Table 5) as increasing the labour content of a product increases its sustainability (Jackson, 1996). As eco-design reduces the material intensity of products by 'doing more with less' (von Weizsäcker et al., 1997) the value added can only be maintained by increasing the labour content for the product's life. This is exemplified by 'service products', such as leasing and extended maintenance schemes used for photocopying services. A manufacturer with responsibility for maintaining their own products (through labour) has an incentive to reduce running costs which will minimise resource consumption over life.

Factors affecting uptake of eco-design
Spending on R&D and receipts from exports have both been linked to increased design activity (table 3) (Walsh et al., 1992; Sentance and Clarke, 1997). Sectors with high values of these indicators have a higher design intensity and may be more amenable to uptake of eco-design principles and practices, since design is already integrated into their company structure and culture. 

The market split between the consumer, private industry and government will affect the way in which customer pressure for change bears on a sector and how receptive a sector may be to adopting eco-design principles. Food products and Construction, the two largest sectors are very different in terms of market split (Table 4). Consumers place two-thirds of the demand on goods from the Food products sector, whilst the Government is the largest customer for the Construction sector (56% of total demand). The demand characteristic informs eco-design strategies - for example heavier involvement of marketing may be appropriate to the food products sector, whilst, developing design standards or guidelines (e.g. BREEAM) may be more effective in the Construction sector.

Eco-design requires all actors in the supply chain to co-operate with one another and increased supply chain complexity would be a barrier to the uptake of eco-design. The values of and relationship between expenditure on raw materials, expenditure on manufactured goods and internal expenditure (figures 1, 2 and 3) indicate the level of supply chain complexity. A high proportion of expenditure on manufactured products (internal and external) indicates more complex supply chains. Furthermore, the supply chains of a sector whose internal expenditure is relatively high may be more complex than a sector whose internal expenditure is relatively low.
Identifying possible indicators
Table 6 contains a set of proposed indicators which summarise the previous two sections. The tick marks indicate where the indicator or group of indicators may be most relevant to eco-design. The validity of the set of indicators will be tested against the remaining manufacturing sectors in UKENA.
Conclusions and further work
Presenting the UKENA data according to the manufacturing life cycle demonstrates clear differences between UK industry sectors and raises interesting questions about supply chains, environmental impacts and their relation to eco-design. However, it is not possible to draw strong conclusions about this financial data and eco-design at this stage. The validity of the proposed set of indicators will be tested against the results of a more qualitative assessment of industry sectors. The planned assessment will investigate design activity, level of innovation, organisational and design culture as well as external pressures from legislation or the market. We also intend to develop a dynamic dimension to the indicators by including time series data of economic and environmental data. This will give some indications about rates of change which in the context of individual industry sectors may be a valuable indicator in directing further eco-design research. Ultimately, we hope the indicators will inform industry and research as to potential areas for transfer of eco-design practice from one sector to another.
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Table 1 	List of 'test' sectors
SIC[92]	EA Code	Industry Group	Sector purchases(SP) (£Bn/Yr)	Examples of product types
15	8	Food products	35.4	Meat and poultry processing, fruit and vegetable processing, fats and oils, dairy products, sugar, pastry goods, beverages.
20	13	Wood products	2.5	Sawing, planing and treating of wood, plywoods, laminates and fibreboards, wooden containers, builders carpentry and joinery
30	43	Office machinery	7.0	Office machinery and computers, photocopiers, etc.
45	58	Construction	44.9	Building of complete constructions (all aspects from site preparation to commissioning)



Table 2		Definition of life cycle operations represented in the UKENA
Activity	Expenditure on and emissions associated with…
Extraction 	Resources extracted from nature (e.g. forestry)
Manufactured products and components from outside subject sector	Processed materials and manufactured goods
Manufactured products and components within own sector 	Processed materials and manufactured goods
Utilities 	Electricity, water supply, solid waste
Support  services and transport	Financial services, telecoms etc. &  rail, HGV etc.




Table 3 	Supplementary data for sector characterisation (expressed as proportion of Sector 				Purchases) 	
Industry Group	SP(£B)	R&D /SP(%)	(SP/1000 employees)(£M/1000 Emp.)	
Food products	35.4	0.44	93	
Office Machinery	7.0	0.41	135	
Wood products	2.5	0.21	32	
Construct	44.9	0.27	56	



Table 4 	Demand  
Industry Group	Total final demand(£B)	Receiptsfrom private sector (% total demand)	Consumer expenditure(% total demand)	Gov’mnt Exp.(% total demand)	Stocks(% total demand)	Exports(% total demand)
Food products	102.7	26	66	0	0	8
Office Machin.	22.7	31	5	27	0	37
Wood products	6.4	84	11	5	-3	3
Construct	77.4	38	6	56	0	0


Table 5 	Greenhouse gas (GHG) emissions 
Industry Group	Direct+Indirect GHG (MT)	Direct GHG /(Indirect+Direct GHG)*	Total GHG/SP(T/£M)	100*Env.Exp. /SP
Food products	31.9	0.2	900	1.4
Office Machinery	1.4	0.1	204	0.0
Wood products	1.1	0.1	463	0.5
Construct	20.8	0.4	464	**0.1
*NB there is some difference between the values of indirect GHG emissions given here and those in Vaze and Balchin (1996) but the overall trends are similar. Differences are attributed to the simplified method of allocation used in this research.
	**this data covers expenditure for pollution abatement not Environmental Expenditure



Table 6	Table of proposed indicators and their relevance to eco-design
		Relevance to Eco-design
The indicators	What it indicates	Potential environmental  benefit 	Eco-design strategy	Factors affecting uptake	Comment
R&D/SP & Export receipts/Total final demand	Design intensity	-	-		Strong design culture would benefit the uptake of eco-design
Employees/SP	Labour intensity -	-		-	Higher labour intensity is potentially more sustainable
Ratios of demand (consumer, private, government)	Type of customer pressure	-			Customer pressure influences receptivity to eco-design and possible strategies
Balance of internal expenditure with other manufactured products and raw materials	Complexity of sector and supply chains 	-			More complex supply chains will be more difficult to integrate
Environmental expenditure	Environmental problems			-	Indicates extent of environmental problems and directs eco-design strategies towards redesign or clean process design 
Emissions intensity and the distribution of emissions through life cycle	Impact of Materials selection or Process stage			-	Direct eco-design towards 'process' or 'materials' stage
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Figure 5 	 Transport and support services


Figure 4	Utilities


Figure 3 	Manufactured products and					components from within 					subject sector


Figure 2 	Manufactured components					and products from outside 					subject sector


Figure 1 	 Extraction of raw materials
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